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The Use of EMG Biofeedback in Quadriceps 
Strengthening Exercise for Rheumatoid Arthritis 
Patients'. A Clinical Trial 
A clinical trial involving rheumatoid arthritis 
patients hospitalized due to an exacerbation of 
their disease, was initiated in order to deter-
mine whether EMG biofeedback when used in 
conjunction with isometric exercise enhanced 
quadriceps strengthening. The parameters of 
muscle bulk, strength and motor unit activity 
were measured before, during and after the 
triai to determine any improvements occurring. 
Results showed that in predominantly elderly 
patients there was no significant increase in 
quadriceps strengthening when EMG biofeed-
back was used. Further, for subjects under 45 
years of age, EMG biofeedback was not shown 
to effect significant improvement 
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Every person requires an efficient 
quadriceps mechansim to help main-
tain knee stability during activities of 
daily living. This requirement becomes 
more important for the patient with 
rheumatoid arthritis, since the nature 
of joint inflammation leads to laxity 
of supporting ligaments and the joint 
capsule. When this occurs, the stability 
of the knee joint relies increasingly on 
a strong quadriceps muscle to maintain 
function (Poiley and Hunder 1978, 
Hyde 1980) and to prevent repetitive 
minor joint trauma, which helps to 
destroy the joint. A prime objective 
of physiotherapy treatment is to ensure 
optimal quadriceps function, and to 
achieve this aim, an exercise pro-
gramme is instigated. 
Irrespective of the type of exercise 
programme, the effectiveness in 
achieving its objective depends, in 
part, on an intact neuro-muscular sys-
tem. Wessel (1978) attributes muscle 
weakness m rheumatoid arthritis to 
the presence of myositis, vascuhtis, 
neuritis, joint inflammation, muscle 
spindle changes, fast twitch (white) 
fibre atrophy, mechanical dysfunc-
tion, drug induced myopathy and di-
suse. It can be seen from this list of 
commonly encountered features, that 
propnoceptive input from joint me-
chano-receptors may be affected, to-
gether with the actual muscle motor 
unit activity: that is, the naturally 
occurring feedback mechanisms, 
which control muscle function, may 
be deficient and so it may be impos-
sible for strengthening exercises to be 
performed beneficially. 
Electromyographic biofeedback has 
been described by Yates (1980) as a 
method of increasing cortical aware-
ness of the physiological process of 
muscle contraction, by augmenting 
propnoceptive input with an audio-
visual signal, indicating the level of 
motor unit activity. Astrand and Ro-
dahl (1977) say that cortical control 
and sensory feedback can modify the 
number of motor units recruited and 
the frequency of their contraction. 
Therefore, EMG biofeedback could 
be used to achieve an increased motor 
unit activity, by the subject working 
to increase the auditory and visual 
feedback signals. An important con-
sideration suggested by Astrand and 
Rodahl (1977) is that subjects under 
50 years of age are more successful in 
exciting cortical control and achieving 
success during training programmes, 
an observation also made by Hettinger 
(Machover and Sapecky 1966). 
For these reasons it was hypothe-
sised that a rheumatoid arthritis pa-
tient, using EMG biofeedback from 
the quadriceps muscle to cortically 
direct increased motor unit activity 
during isometric muscle contraction, 
should show more efficient strength 
gain because of improved propriocep-
tion and awareness. This conclusion 
was drawn from evidence produced 
by Bigland and Lippold (1954) and 
Moritani and de Vries (1978) that 
motor unit activity and muscle 
strength show a linear correlation 
when the muscle performs a near 
maximal isometric contraction. 
The following clinical trial was un-
dertaken in the Department of Phy-
siotherapy, University of Queensland, 
to test the hypothesis that rheumatoid 
arthritis patients using EMG biofeed-
back from the quadriceps muscle to 
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cortically enhance the motor unit ac-
tivity during isometric contraction 
should show more efficient strength 
gain. 
Method 
In this trial, subjects were required 
to perform a standard exercise with 
or without EMG biofeedback, in ad-
dition to their usual exercise regimes. 
This additional exercise consisted of 
10 repetitions of a 10 second subjec-
tively maximal isometric contraction 
of the quadriceps muscle with the knee 
in full extension. Ten repetitions were 
used in the training programme, as 
Walmsley and Swann (1976) showed 
that this number led to a maximal 
increase in muscle strength and fibre 
hypertrophy. Both the right and left 
quadriceps underwent the same train-
ing programme, which was performed 
at the same time of day, on each day 
of the working week. 
Three parameters were used to 
measure the success of the treatment 
programme for each subject. These 
were muscle bulk, strength and EMG 
activity, all of which are objective 
measurements. 
Thigh circumference was measured 
to see if the exercise produced any 
hypertrophy of muscle bulk. Strength 
was considered to be represented by 
determining the force exerted by the 
quadriceps muscle to maintain the 
position of full extension against re-
sistance (Cuddigan 1973). Bigiand and 
Lippold (1954) and Moritani and de 
Vries (1978) showed a linear correla-
tion between force and motor unit 
activity, which was used as the third 
measured parameter, 
To remove any observer bias af-
fecting results, three physiotherapists 
were involved in running this clinical 
trial. The first physiotherapist per-
formed the initial standard joint as-
sessment and pre-exercise measure-
ment of parameters. She subsequently 
performed all weekly assessments but 
was not informed as to which group 
the subject had been assigned. A sec-
ond physiotherapist supervised the ex-
ercise programme for both the control 
and experimental groups, so that each 
subject received the same instruction 
for performing the exercise. The ex-
perimental group received additional 
instruction in how to use EMG bio-
feedback, 
Assigning subjects to either the con-
trol or experimental group was one 
task performed by the third physioth-
erapist, who also entered all results 
onto each subject's individual data 
sheet. These results were only seen by 
the other two physiotherapists at the 
completion of the trial when data 
analysis was undertaken 
Subjects 
Forty-four subjects with a definite 
diagnosis of rheumatoid arthritis were 
selected from a larger population of 
inpatients in the Rheumatology Unit 
at the Royal Brisbane Hospital, using 
relevant inclusion and exclusion cri-
teria. All patients admitted to the adult 
rheumatology ward were eligible for 
inclusion in the trial subject groups. 
Mandatory exclusion occurred if the 
subject had acute systemic illness, 
acute hip joint pathology, hip arthro-
desis, knee flexion deformity greater 
than 10° or active knee lag which 
would prevent the subject from per-
forming the isometric contraction at 
the end of range of extension, pro-
longed steroid therapy which may have 
induced myopathy (Cuddigan 1973), 
or if the patient was unable to obey 
instructions. 
Subjects included in the trial were 
matched for age, sex and damage 
duration index. The damage duration 
index is a system proposed by Smythe 
(1975) which indicates disease aggres-
siveness and is determined by dividing 
the number of damaged joints by the 
years of disease duration, the higher 
the value the more aggressive the 
disease The subjects were then ran-
domly allocated to the control group, 
which did not receive EMG biofeed-
back during exercise, or to the exper-
imental group, for whom EMG bio-
feedback was incorporated into the 
exercise programme. 
From the initial 44 subjects included 
in the trial, six were withdrawn owing 
to early discharge from hospital. Table 
1 illustrates the composition of the 
control and experimental groups with 
respect to age, sex and group alloca-
tion. There were 21 control and 17 
experimental subjects available for 
comparison after one week's training, 
while at the end of the second training 
week, eight control and ten experi-
mental subjects remained. After three 
weeks' training, only three control and 
one experimental subjects remained, 
this drop in numbers being due to the 
patients' discharge from hospital Be-
cause of the extremely small size of 
the subject sample at this stage, it was 
decided to confine data analysis to the 
effects of a two week exercise pro-
gramme. 
Apparatus 
A portable Cyborg EMG J33 was 
used to provide biofeedback from the 
quadriceps muscle in the experimental 
group of subjects. 
Quantitative measurements required 
to evaluate the exercise programme 
were obtained by coupling the Cyborg 
Q700 RMS data accumulator to the 
EMG J33, thus obtaining a digital 
readout of the average EMG activity 
(in ptV) over a 10 second time interval. 
Muscle strength was measured using 
a modified Tycos sphygmomanometer 
as described by Helewa, Goldsmith 
and Smythe (1981). 
Procedure 
The initial assessment of each sub-
ject entailed the acquisition of per-
sonal details such as age and duration 
of the rheumatoid disease process. In 
addition, all joints were examined to 
identify the presence of inflammation 
or damage. Any one of the following 
criteria indicated a damaged joint: lax 
collateral ligaments, subluxation or 
malahgnment, bone on bone crepitus, 
loss of more than 20° passive range 
of movement and previous joint sur-
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gery (Smythe 1975). Once inclusion in 
the trial had been established, initial 
recordings of the parameters used to 
determine efficacy of treatment were 
taken. 
The initial and subsequent assess-
ments were performed in the early 
afternoon on the same day of each 
week. The time of day at which re-
cordings were taken on subjects with 
rheumatoid arthritis was very impor-
tant to eliminate the variable intro-
duced by morning stiffness. 
Morning stiffness is one of the 
diagnostic criteria for rheumatoid ar-
thritis and indeed its daily duration is 
often used as a measure of disease 
activity. Wright (1981) found that his 
investigations suggested morning stiff-
ness was due to the surrounding joint 
capsule and other soft tissue, including 
muscle, rather than factors such as 
thixotrophy and viscosity connected 
with synovial tissue and cartilage. 
Therefore its presence at the time of 
testing was undesirable. 
The subject was positioned in well 
supported half lying, with the hips 
flexed at 60°. Two sets of skm mark-
ings were drawn. The first set consisted 
of three points 2.5cm apart on the 
anterior surface of the thigh, 10cm 
above the medial joint line of the 
knee. These marked the positions for 
the EMG J33 surface electrodes and 
remained constant throughout the 
study for reassessment and use by the 
experimental group. The other skin 
mark was drawn 20cm below the 
medial joint line and perpendicular to 
the long axis of the leg. This point 
was required for uniform positioning 
of the modified sphygmomanometer 
bag. 
Surface electrodes were applied us-
ing adhesive collars, after lowering the 
skin resistance at the points on the 
thigh 
A rolled towel was placed under the 
proximal popliteal fossa, flexing the 
knee 20°. The modified sphygmoman-
ometer was prepared by inflating the 
bag to a pressure of 100 mmHg to 
remove the wrinkles from the bag. Air 
was then allowed to leak out until 20 
mmHg remained, when the valve was 
tightly closed in readiness for the test 
(Helewa, Goldsmith and Smythe 
1981). 
The subject was instruced to 
straighten his knee while dorsiflexing 
the foot, hold the knee extended for 
10 seconds and only to relax the foot 
back on to the bed when instructed 
by the physiotherapist. The duration 
of isometric contraction used for the 
training and assessment in this trial 
was determined by the limitation im-
posed by the Cyborg Q700 RMS data 
accumulator, since the shortest sample 
envelope it could process was 10 sec-
onds, although it was shown by 
Velsher (1977) in her literature survey, 
that an isometric contraction of 6 
seconds duration was most beneficial 
for increasing muscle strength and 
would normally be used during an 
exercise programme. 
As the subject began his isometric 
hold, with the knee in full extension, 
the 10 second sample was started on 
the data accumulator. Simultaneously, 
the edge of the sphygmomanometer 
bag was placed on and proximal to 
the point below the knee. The palm 
of the physiotherapist's hand was 
placed on top of the bag, taking care 
not to squeeze it. Gradual pressure 
was applied, building up to a maxi-
mum over five seconds and sustained 
for two seconds. The point reached 
on the sphygmomanometer scale was 
then recorded in mmHg, as the max-
imal resistance against which the sub-
ject could sustain the isometric hold. 
At the conclusion of the 10 second 
hold, the digital readout of average 
muscle activity (^V) was indicated by 
the data accumulator, and the subject 
instructed to relax. 
Thigh circumference was recorded 
in centimetres with the tape measure 
Mean 
Deviation (cm) 0 
s \ 
^ Left 
Control 
Experimental 
Figure 1: Thigh circumference mean variation during the two week exercise 
programme 
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Mean 
Deviation (mmHg) 
Control 
Experimental 
Figure 2: Quadriceps strength mean variation during the two week exercise 
programme 
edge placed on and distal to the thigh 
reference marks, after removal of the 
rolled towel and surface electrodes. 
This procedure was repeated on the 
other leg. 
Subjects in both the control and 
experimental groups performed their 
daily standard exercise programme us-
ing the same positioning adopted dur-
ing assessment. These were supervised 
each morning, including the day of 
reassessment, by the second physioth-
erapist. Weekly reassessment followed 
the same steps as previously described, 
except for drawing the skin markings, 
which were retained from the initial 
assessment. 
Results 
The changes in the three parameters 
m both control and experimental 
groups were measured at the end of 
the first and second weeks of training. 
Figure 1 shows the variation in mean 
thigh circumference for right and left 
thigh of both the control and experi-
mental groups. Figure 2 shows the 
mean variation in strength and Figure 
3 shows the mean variation in motor 
unit activity for the right and left 
quadriceps of both the control and 
experimental groups. The differences 
in results between initial recordings 
and those taken after one and two 
weeks for both the control and exper-
imental groups were tested by a re-
peated measure t test for significance 
(p - 0.05) in the case of each param-
eter. 
Table 1 reveals that, predictably, in 
rheumatoid arthritis the under 45 year 
old groups in both control and exper-
imental is 5 out of 21 and 17 respec-
tively. The difference in the under and 
over 45 year old groups may be ex-
plained by sample size differences af-
fecting the analysis. 
In the total group, quadriceps 
strength was the only parameter which 
showed consistent significant increase 
after the first week of training and 
this was apparent in both the control 
and experimental groups while the left 
Table 1: 
Subject age, sex and group distribution 
Age Group 
(Years) 
Control Group Experimental Group 
Male 
2 
1 
3 
Female 
1 
2 
6 
6 
Male 
1 
1 
3 
Female 
1 
3 
8 
6 
Total 
15-30 
31-45 
46-60 
61-75 
(after 1 week on programme) 21 17 * 
* 3 males and 3 females wi thdrew after initial assessment 
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Right 
Left 
Mean 
Deviation (JJV) 
Control 
Exper imental 
Figure 3: Motor unit activity mean variation during the two week exercise 
programme 
quadriceps of subjects in the control 
group showed significant motor unit 
activity increase. 
At the completion of the second 
week of training, both the control and 
experimental groups continued to 
show significant strength increase bi-
laterally, while the right thighs of the 
experimental group showed a signifi-
cant decrease in circumference which 
was most likely due to reduction in 
suprapatellar effusion. Also there was 
a significant increase in motor unit 
activity sustained in the control 
group's left quadriceps with the ex-
perimental group's right quadriceps 
also attaining a significant increase in 
motor unit activity. Table 2 illustrates 
these t test results. 
When the results for those subjects 
under 45 years of age were examined, 
a trend of significance similar to the 
total population was seen as shown in 
Table 2. 
Since Bigland and Lippold (1954) 
and Moritani and de Vries (1978) 
showed a linear relationship between 
motor unit activity obtained with sur-
face EMG electrodes and muscle 
Table 2: 
Repeated measure t test comparison of the change in each parameter mean between initial recordings and 
after the first and second week 
Parameter 
Circumference 
Strength 
Motor Unit Activity 
Side 
Right 
Left 
Right 
Left 
Right 
Left 
Group 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Contol 
Experimental 
Control 
Experimental 
Control 
Experimental 
Total Sample 
Week 1 
0.06 
0.77 
0.48 
0.11 
5.25 * 
2.24 * 
3.89 * 
2.6 * 
1.42 
1.50 
2 36 * 
1,46 
Week 2 
0.93 
— 2.25 * 
0.36 
0.6 
4.68 * 
2.2 * 
2.42 * 
4.28 * 
1.07 
2.52 * 
3.14 
1.38 
Under 45 
Week 1 
0.33 
1.0 
0.58 
- 3.0 * 
3.16 * 
3.51 * 
1.34 
1.19 
2.98 * 
1.45 
1.84 
0.68 
years 
Week 2 
1.0 
2.5 
1.1 
— 4.0 * 
1.2 
1.89 
1.0 
2.82 * 
0.15 
2.23 
1.2 
1.15 
p = .05 * = significant 
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strength, these two parameters were 
compared for subject's measurements 
obtained in this trial in order to see 
if the method of measurement used 
produced the same results. A linear 
though not highly significant correla-
tion was found (r = .3818). 
Discussion 
Common criticisms of previous bio-
feedback studies point to the lack of 
objective measurement of initial and 
subsequent results and limited subject 
numbers as factors leading to ques-
tionable validity of success claims 
(Ray et al 1979). This study endea-
voured to rectify these deficiencies so 
that the effect of biofeedback used in 
this limited way could be assessed. 
It was found that by matching the 
control and experimental groups for 
age, sex and damage duration index 
it was possible to prevent weighting 
one or the other groups with subjects 
with more severe arthritis which could 
have given the results a bias. 
Since the results from both the 
control and experimental groups 
showed inconsistently significant 
changes in thigh circumference and 
motor unit activity but both groups 
had significant strength increases, it 
was impossible to state that EMG 
biofeedback used in conjunction with 
an isometric exercise, enhanced the 
effect of quadriceps strengthening. 
There are some arguments which 
may be put forward to account for 
these findings. Perhaps the most im-
portant is that the age distribution of 
both groups was predominantly el-
derly. As mentioned previously, peo-
ple over the age of 40 to 50 years 
benefited less from a training pro-
gramme than younger subjects (Ma-
chover and Sapecky 1966, Astrand 
and Rodahi 1977). However, when the 
data from the under 45 year olds were 
analysed it was found that for these 
samples, such an argument was not 
upheld. A possible reason for this 
finding was that the younger age group 
had more aggressive rheumatoid ar-
thritis than the older group and this 
general unhealthy state was the cause. 
However, when the damage duration 
index mean for each group was as-
sessed the older group collectively had 
more severe rheumatoid arthritis than 
the younger group, thus refuting this 
theory, 
Conclusion 
This clinical trial was initiated to 
determine whether EMG biofeedback 
training, used in conjunction with 
isometric exercise, resulted in in-
creased quadriceps muscle strength-
ening in relation to isometric exercise 
alone in patients with rheumatoid ar-
thritis. Analysis of results obtained 
over a two week training period from 
a predominantly elderly sample pop-
ulation, showed no significant im-
provement which could be attributed 
to the effect of EMG biofeedback. It 
was shown that when EMG biofeed-
back was utilized by subjects under 45 
years of age who normally benefit 
most from a training programme, the 
same results applied. 
Therefore, in limited circumstances 
EMG biofeedback may be an effective 
adjunct to traditional methods of mus-
cle strengthening. Although this study 
did not support its use, further inves-
tigation into its efficacy is indicated. 
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